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One of the main problems when exciting or measuring substrate in-
tegrated waveguide (SIW) devices lies in the need of a good intercon-
nection with planar structures. In this reported work, the negative
effects produced by the connectors and the tapered microstrip-to-
SIW transitions are de-embedded from the measurements of the SIW
structure by a thru-reflect-line calibration with an adequate and cheap
SIW calibration kit.
Introduction: Interest in the relatively new type of transmission line
called the substrate integrated waveguide (SIW) [1] is constantly
increasing. This low-cost realisation of the traditional waveguide
circuit inherits the merits from both the microstrip for easy integration
and the waveguide for low radiation loss. Furthermore, it is possible
to use this new technology for making many devices such as antennas,
filters, multiplexers etc. [2, 3]. However, these components must be
interconnected with planar structures in order to be measured or con-
nected to active circuits.
The tapered microstrip transition [1] has been largely adopted due to
several reasons: the microstrip line is widely used; the transition covers
the complete bandwidth of the SIW, and the performances are better
when compared to other microstrip transitions [4] or coplanar transitions [5].
However, the design of the tapered transitions is a very critical step in
order to get good electromagnetic match between the microstrip line and
the SIW, and although much effort has been made so that the design of
this transition becomes easier and faster [6], it still entails most of the
mismatch loss, together with the SMA connectors and their solders.
In this reported work we have developed a thru-reflect-line (TRL)
calibration kit so that all those negative effects that are masking the
real response of the SIW device are removed from the measurements.
TRL calibration: First proposed by Engen and Hoer [7], the TRL cali-
bration is usually employed in the correction of the deviations appearing
in the measurements made by the network analyser. These deviations are
due to non-idealities in the analyser itself and the cables used to connect
the device under measurement to the analyser. In the automatic network
analysers (ANAs), this technique is automatically implemented so that
those deviations are recognised, evaluated and, in theory, eliminated
from the final measurement result. Recently, some efforts have been
made in order to develop TRL calibration techniques for devices
excited by planar transmission lines, such as microstrips or coplanar
waveguides [8,9].
Here we give guidelines in order to apply the TRL approach for
de-embedding the S-parameters of the SIW device also from all the
effects caused by SMA connectors, tapered microstrip-to-SIW tran-
sitions and anything masking the real response of the SIW device
itself. This way, any designer or researcher can fabricate their own cali-
bration kit adapted to this kind of technology, obtaining a very good
accuracy in the measurements, as one can place the reference plane
right at the beginning of the SIW structure. But it is also much
cheaper than any standard commercial calibration kit, which, besides,
would not be so accurate, as they can, at best, correct the deviations
due to the measurement circuit between the network analyser itself
and the SMA connectors, but not those due to the microstrip line and
the microstrip-to-SIW tapered transition.
TRL calibration kit for SIW: This particular SIW calibration kit (Fig. 1)
has been made for a working frequency band from 5 to 12 GHz in a
RO4003C substrate. We consider the transition to end in the second
via after the taper, so we make the open (reflect) just ending the
circuit, the thru connecting the transitions of both ports and the line
adding a section of SIW line between both ports.
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Fig. 1 TRL calibration kit for SIW devices with tapered microstrip-to-SIW
transitions
This cal kit has been designed and fabricated to correct all the sys-
tematic measurement errors, but also to de-embed SIW devices from
their tapered microstrip-to-SIW transitions, as well as the microstrip
line and SMA connectors. However, it is worth making clear that this
procedure could be applied to other types of transitions or excitation
lines (e.g. coplanar line).
The fact that the tapered transition and the first two vias after the taper
are included in all the standards of our TRL kit, places the reference
plane for the measurements right in that spot, that is, at the beginning
of the SIW device. That makes the measurements be quite independent
from the good or bad quality of the tapered transition, as its negative
effects are removed from the measurements. This can be pretty interest-
ing when focusing in just designing or improving the SIW part of a
device, as one can forget about all the negative effects of the initial tran-
sitions – which can be a whole work field, as mentioned in the
Introduction – and concentrate on the good performance of the SIW
section.
However, to make a more generalised calibration kit, the reference
plane could be considered to be before the tapered transition and so
the TRL cal kit would have an open, a thru and a line in microstrip.
This way, although the effect of the microstrip-to-SIW taper would
not be removed, it would be a more versatile calibration kit as it could
be used for any diameter and separation between via holes and for
any tapered transition design.
First, we define the calibration kit in the network analyser [10]. Then,
as usual, we have to measure the whole calibration kit (Fig. 1) before
measuring the SIW device so that the analyser can correct all the sys-
tematic errors and deviations in the measure with its built-in full
two-port TRL calibration function.
After calibrating, we measure the SIW device, which, in this case, is a
four-pole SIW filter (see Fig. 2). It has the same excitation microstrip
line, tapered transitions and diameter and separation of the via holes
than the standards of the fabricated TRL cal kit.
Fig. 2 SIW device to be measured and calibrated
Results: To test the good performance of the presented TRL calibration,
the SIW filter in Fig. 2 has been used. Fig. 3 shows the comparison
among its S-parameters obtained from the measurements calibrating
with the 85052C cal kit and with the new SIW calibration kit and
from the HFSS simulation of the sole filter (without transitions and con-
nectors), as this is the response we would like to recover.
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Fig. 3 Comparison among simulated S-parameters and measurements cali-
brating with 85052C cal kit and with new SIW calibration kit for four-pole
filter in Fig. 2
It can be seen that the new SIW calibration kit corrects the frequency
deviation of the poles (see Fig. 4a), the ripple (Figs. 4b and c), the band-
width (Fig. 4d ) and the insertion losses (Fig. 4c) with respect to the the
simulated S-parameters. The frequency shift is due to the 2% tolerance
in the ɛr of the RO4003C, and the slightly worse return losses can be due
to some small difference between the simulated tan δ and the real one.
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Fig. 4 Details of improvements observed in Fig. 3 due to new TRL cal kit for
SIW
Conclusions: A TRL calibration approach has been applied to
de-embed the measured S-parameters of a SIW device from all the
effects of the connectors, excitation microstrip lines and tapered
microstrip-to-SIW transitions – as well as all the systematic errors of
the analyser and the cables – that are masking the true response of the
SIW device. This procedure is of great interest when designers want
to isolate the response of the sole SIW device, to identify how the
whole structure needed for the excitation of the SIW device is modifying
its response or, finally, when the designer is aware that the designed
tapered transition entails a considerable mismatch loss that is masking
the goodness of the designed SIW device. This work, thus, presents a
very cheap and easy way to fabricate an accurate TRL calibration kit
adapted to the measurement of SIW devices.
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